We report our experience with seven cases of thyrotoxicosis associated with hypokalaemic periodic paralysis seen over a 25-year 
INTRODUCTION
Thyrotoxic periodic paralysis (TPP) is well manifested among Asian populations but has rarely been reported in the Caribbean region. This might be so because despite its ethnically diverse population, most of these Islands are dominated by peoples from Africa and India on whom reports are rare (1) (2) (3) . Reports are also rare among other populations comprising Caucasians and Hispanics including Puerto Ricans in the West Indies (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . We here report on seven cases of TPP seen and managed by one or more of us in Trinidad over a 25-year period. The Trinidadian population comprises 1.3 million people of predominantly African and Indian descent with 1% Asians, Caucasians, Hispanics and an increasing proportion of those with mixed ethnicities. This ethnic background, with few Asians, may explain the relatively low incidence of TPP in this population. Despite this, clinicians should be aware of this eminently treatable complication of thyrotoxicosis.
Case 1
A previously well 22-year-old Chinese male who was born in China and migrated to Trinidad in his childhood presented with sudden inability to walk. His sister had myasthenia gravis and he denied any symptoms of thyroid disease. On admission, he was afebrile with a blood pressure of 130/70 mmHg and heart-rate of 112 beats per minute. His physical examination showed that he had a Grade 3/5 (MRC scale) proximal muscle weakness affecting mainly the lower limbs but with intact sensation. There was a mildly enlarged, diffuse thyroid gland without pre-tibial myxoedaema or ophthalmopathy. Biochemical investigations showed a serum potassium of 2. Electrocardiogram showed a sinus tachycardia. Thyroid ultrasound revealed diffuse enlargements of both lobes and thyroid autoantibodies were positive. A diagnosis of thyrotoxic hypokalaemic periodic paralysis was made. Treatment was initiated with oral propranolol and carbimazole as well as intravenous potassium chloride for two days (Table 1) . Serum potassium on his discharge was 4.0 mmol/L and remained normal at six weeks follow-up without additional potassium supplementation. His thyrotoxicosis was treated medically for two years and he remained in remission.
Case 2
A previously well 25-year-old Afro-Caribbean male presented with a one-day history of proximal muscle weakness affecting both upper and lower limbs. There was no history of muscle pain, sensory abnormalities or sphincter disturbances. He had no significant personal or familial medical history and he was not taking any medication.
On admission, he was afebrile with a blood pressure of 129/79 mmHg and heart-rate of 124 beats per minute. His physical examination showed that he had a mild proximal limb weakness with Grade 4/5 power (MRC scale), normal reflexes and intact sensation. His thyroid examination showed that he had a diffusely enlarged goiter with a bruit but no dysthyroid eye disease, acropachy or pretibial myxoedaema. His cardiovascular, respiratory and abdominal examinations were unremarkable.
His biochemical investigations showed serum potassium 2. (Table 1) . His serum potassium on discharge was 4.2 mmol/L and he remained normal at three weeks follow-up without additional potassium supplementation. His thyrotoxicosis was treated with carbimazole in the longer term and the patient achieved biochemical and clinical remission.
Case 3
A 54-year-old hyperthyroid Afro-Trinidadian male presented with a one-month history of proximal muscle weakness affecting both upper and lower limbs. He was on antithyroid medications for three years but had been non-compliant. He also experienced weight-loss of about 10 pounds over three weeks, hyperhidrosis, tremors, irritability, hoarseness of voice, heat intolerance and occasional chest pains. There was no significant family history or recent antecedent viral illness.
On admission, he was afebrile with a blood pressure of 110/69 mmHg and heart-rate of 94 beats per minute. His physical examination showed that he had a mild proximal limb weakness with normal tone, Grade 4/5 power in the proximal muscles (MRC scale) and normal reflexes. His cardiovascular, abdominal, respiratory and thyroid examinations were unremarkable. non-nodular gland and his thyroid autoantibodies were negative. His treatment was initiated with propranolol, carbimazole and intravenous potassium chloride for a few days (Table 1) . His serum potassium on discharge was 4.4 mmol/L and he remained normal thereafter. He has been euthyroid on carbimazole and has been referred for radioiodine treatment.
Case 4
A 24-year-old Afro-Trinidadian, with a six month history of Graves' disease presented with bilateral lower limb weakness of two days duration. He also experienced myalgia, dyspnoea, palpitations, irritability, diaphoresis, sweating and weight-loss of 30 pounds over six months. There was no history of trauma or bowel and bladder symptoms. He had a family history of thyroid disease and was taking herbal medications. On admission, he was afebrile with a blood pressure of 153/81 mmHg and heart-rate of 80 beats per minute. His physical examination revealed that he had a decreased tone, power Grade 3/5 (MRC scale) and absent reflexes affecting the lower limbs with normal sensation. He had a diffusely enlarged thyroid gland with exophthalmos and a bruit but no pretibial myxoedaema or acropachy. His cardiovascular, abdominal and respiratory examinations were unremarkable.
His biochemical investigations showed that he had TSH 0. (Table 1) . His serum potassium on discharge was 4.4 mmol/L and he remained normal at six weeks follow-up without any need for additional supplementation. He remains biochemically euthyroid on carbimazole.
Case 5
A 45-year-old Afro-Caribbean male noticed his sudden inability to walk which prompted his admission to hospital. He was afebrile with a blood pressure of 110/70 mmHg and pulse of 110 beats per minute. His physical examination was normal except for the Grade 
Case 6
A 23-year-old East-Indian male presented with weightloss of ten pounds and inability to walk for a few hours. He was referred as a case of possible Guillain-Barre syndrome and had a sister who had developed severe Rheumatoid Arthritis at the age of 21 years.
He was afebrile with a blood pressure of 120/ 82 mm Hg and heart-rate of 120 beats per minute. On his physical examination, there was a (mild) diffuse enlargement of his thyroid gland with no opthalmopathy, acropachy or pretibial myxoedaema. His thyroid ultrasound and thyroid autoantibodies were consistent with autoimmune Thyroid disease. His electrocardiogram showed sinus tachycardia and prominent U waves. Following treatment with oral propranolol, carbimazole with intravenous potassium and oral potassium for two days, his symptoms were resolved. His serum potassium on discharge was 4.2 mmol/L. His thioamide therapy was continued for 18 months and he has remained euthyroid.
Case 7
A 37-year-old male of East-Indian descent was admitted to hospital with acute onset of weakness and shortness of breath. For six weeks before, he had experienced insomnia, irritability and weight-loss. His mother and sister were both treated for thyrotoxicosis. On his examination, he had a small diffuse goiter, tachycardia, generalized muscle weakness (grade 3-4 proximally and grade 4-5 distally) with diminished reflexes. He had no dysphagia, dysphonia, ptosis nor diplopia. His serum potassium was 2. He was treated with intravenous potassium chloride by slow intravenous infusion, oral propranolol 40 mg thrice daily and carbimazole 30 mg daily. His serum potassium rose to 4.3 mmol/L and remained within normal limits until his discharge two days later. The patient subsequently received radioiodine treatment and became hypothyroid seven months after his post-radioiodine treatment. He is currently on L-thyroxine replacement and has never experienced another episode of hypokalaemic weakness. The details of cases are shown in the Table 1 .
DISCUSSION
Periodic paralysis was first described in 1874 by Hartwig (16) . The association between thyrotoxicosis and periodic paralysis was first reported by Rosenfeld in 1902 (17) . It is known to occur predominantly among young Asian males, although it has also been reported in American Indians, Mexican Mestizos, Europeans as well as Turkish citizens and amongst others previously mentioned (18) (19) (20) . Recent studies from the Indian subcontinent have confirmed the rarity in Indians and there are similarly, few reports from continental Africa (21, 22) . Male-to-female ratios vary from 17:1 to 20:1 in Japan, 33:1 to 48:1 in the United States of America and 76:1 in Southern China (12, (23) (24) (25) . Mortality and significant morbidity are associated with TPP; though uncommon (26) . Male predominance of TPP is well established and is consistent with our experience. The association of TPP with the presence of certain human leukocyte antigen Thyrotoxic Hypokalaemic Periodic Paralysis in Trinidad (HLA) subtypes; in particular, HLA -DRw8 suggests that the basic defect may be genetically linked (27) . Da Silva et al described a genetic mutation in TPP that has been linked to the potassium ionic channel gene KCNE3 (28). Ryan et al discovered that mutations in an inward rectifying potassium channel (Kir) Kir2.6 can contribute to TPP (29) . These inward rectifying potassium channels function to move potassium ions into the cells of the cardiac and skeletal muscles. The mutations in the Kir2.6 channels can lead to altered membrane excitability, particularly in thyrotoxic individuals when challenged with massive intracellular potassium influx from heightened Na+/K+-ATPase activity. The latter event is thought to be mediated by thyroid hormone. Prompt diagnosis with immediate treatment of TPP is essential. The diagnosis of TPP should be particularly considered in young males presenting with acute muscle weakness, severe paralysis and a history of recurrent similar attacks with quick recovery. The absence of clinical or previous evidence of thyrotoxicosis does not exclude its diagnosis. As seen in our patients, Cases 3, 4 and 7 presented with a history of hyperthyroidism whereas the other four patients lacked any significant medical or family history of thyroid disease. The onset of paralysis usually coincides with the onset of hyperthyroidism. However, these symptoms if present, are often mild (27, 30) . Thyrotoxic periodic paralysis has also been noted with thyroiditis, toxic adenoma, toxic nodular goiter, TSH-secreting pituitary adenoma, ingestion of T 4 or T 3 , inadvertent iodine excess, subacute thyroiditis of de Quervain, amiodarone therapy, radiation thyroiditis with Graves' disease and nutraceuticals containing tiratricol (31) . All the cases in the current series were consistent with the diagnosis of Graves' disease.
The precipitating elements for TPP include: exposure of people to cold environments, a heavy carbohydrate meal, infection, strenuous exercise, menstruation and emotional stress. However, there were no identifiable or obvious triggers in any of our patients. The severity of hyperthyroidism is poorly associated with TPP attacks. There are recent reports showing that the hyperthyroidism may be 'clinically silent' (27, 30) . Thus, TPP may be an early manifestation and presenting feature of thyrotoxicosis.
Some electrocardiographic aspects that can suggest a diagnosis of TPP are sinus tachycardia which was apparent in our patients from Cases 1, 2, 5, 6 and 7, respectively. Other electrocardiographic features include: atrial fibrillation, ventricular fibrillation, atrio-ventricular block and asystole. Prolonged QT-U interval associated with hypokalaemia and a paradoxically prolonged PR interval due to thyrotoxicosis are also common. The most prevalent finding in our patients was sinus tachycardia with one case showing a prominent U wave (Case 6).
The treatment of TPP requires urgent correction of potassium levels. Paul et al demonstrated that potassium replacement should be tailored according to patients' symptoms and potassium levels upon presentation (32) . For potassium concentrations above 2.5 mmol/L and patients presenting with mild weakness, treatment should be initiated with 80 mmol/ 24 hours of oral potassium. Patients presenting with potassium concentrations below 2.5 mmol/L or with symptoms of paralysis should be treated with intravenous potassium. As serum potassium concentrations rise, oral potassium supplements should be administered. In treating TPP with intravenous potassium, close monitoring of plasma potassium is essential to prevent the rebound of hyperkalaemia, particularly since the hypokalaemia is due to transcellular shift rather than potassium depletion. The total potassium replacement required for the correction of hypokalaemia in TPP is relatively small compared to that seen in other causes of hypokalaemia where a potassium deficit exists. Continuous ECG monitoring to check for arrhythmias, peak flows and serial arterial blood gases to monitor respiratory function should be performed (32) .
The treatment of hyperthyroidism is essential in the management of TPP. The current practice is to use propranolol, propylthiouracil or carbimazole to establish rapid control of the thyrotoxicosis followed by ablative radioactive iodine therapy in the majority of cases (32) .
The most successful drug in the management of TPP is propranolol. Propranolol, added to the initial treatment, has been shown to counteract the peripheral effects of thyrotoxicosis and thus, it improves muscle strength (26) . Thyroid hormone directly stimulates Na+/K+-ATPase activity in the skeletal muscle, liver and kidney. It also increases the number and sensitivity of ß-receptors, which causes increased catecholamine-mediated potassium uptake (33, 34) . The increased ß-adrenergic stimulation results in further increased Na+/K+-ATPase activity. Thus, by blunting the hyper-adrenergic state, ß-blockers can prevent the attacks of TPP (12, 30, 33, 35, 36) . This was clearly seen on the initiation of treatment in our patients having reported significant improvement in muscle power. Nonetheless, long-term treatment of TPP requires the necessary concomitant control of hyperthyroidism (37) . In summary, we wish to highlight, by this report, that in multiethnic societies, such as in the West Indies, TPP can occur in any patient.
